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I. INTRODUCTION
Energy harvesting relay network, which uses a radio frequency (RF) signal for wireless power transfer, has attracted much attention because of prolonging the lifetime of a wireless network [1] [2] [3] [4] [5] . This solution based on the fact that RF signal can carry both energy and information simultaneously and replace or recharge batteries incurs a high cost and can be inconvenient or hazardous (e.g., in toxic environments), or highly undesirable (e.g., for sensors embedded in building structures or inside the human body) [6] . In the last decade, the system performance of the energy harvesting relay network has been considered in many studies. The paper [7] investigated the full-duplex energy harvesting relay network with the simultaneous energy harvesting and information transmission. Moreover, the development of cooperative protocols for energy harvesting relay network is deeply studied in [8] [9] . Authors in [10] [11] dealt with using bio-inspired algorithms for energy harvesting. Furthermore, [12] [13] proposed a "harvest-thentransmit" protocol for a multi-user relay network. In all papers above, the energy source of the whole network is only the source or the access point. In the trends to improving the energy harvesting and information transmission processes in the wireless relay network, some researchers proposed the idea of deploying dedicated power beacon node (PB). In the wireless relay network with using the PB node, the destination (D) can harvest wireless energy not only from the source (S) node but also from the deployed PB node [13] [14] . For this new model, the question of system performance is still open and is necessary to investigate, and this is the aim of our paper. In this research, we propose and investigate the system performance analysis of the full-duplex power beacon-assisted energy harvesting relay network in the power splitting protocol. All the transmission channels are the Raleigh environment with random distribution signal. The main contributions of the paper are summarized as follows: 1) Propose the system model of the full-duplex power beacon-assisted energy harvesting relay network with the power splitting protocol.
2) Derive the integral closed-form expressions of the outage probability and throughput of the proposed system.
3) The optimal power splitting factor of the proposed system is demonstrated entirely.
The rest of this paper is organized as follows. We first propose the system model in Section II. Then, the system performance analysis is investigated and derived in section III. In section IV, some numerical results and discussions are proposed. Finally, Section V concludes the paper.
II. SYSTEM MODEL
In this section, the full-duplex power beacon-assisted energy harvesting relay network with the power splitting protocol is illustrated in Fig. 1 . In Fig. 1a , the information is transferred from the source node (S) to the destination node (D) with helping of an intermediate relay (R). The S has received energy from the PB node directly. We assume that all the block-fading channels between the PB, S, R, and D are the Raleigh fading channels. Fig. 1b displayed the power splitting based protocol model. In the first half interval T/2, the S harvests energy from the PB node. After that, the energy transfer from the S to the R and the information transmission from the S to the D via R in the second half interval time T/2, 0 ≤ ρ≤ 1 [18] . 
III. THE SYSTEM PERFORMANCE
In this paper, we consider a relaying network system, where each terminal operates in full-duplex mode. The two nodes S and D communicate with each other via the help of relay R over Rayleigh fading channels. There is no direct path between S and D. The received signal at the relay (R) can be formulated as:
where rr h is loopback interference channel, sr h is S to R gain channel, 0 1 ρ < < is power splitting factor. The received signal at the destination can expressed as:
where nr, nd: the additive white Gaussian noise (AWGN) at R, D with zero mean and variance N0 and rd h is R to D gain channel. In these equations, we assume
• is expectation operator. Moreover, the harvested energy at the source can be given by the following:
where 0 1 b η < < is energy conversion efficiency at the PB node. Moreover, the average transmits power at the source can be calculated as:
After harvesting the energy from PB node, the S node will split the power into 2 parts:
1)
s P ρ is used for energy harvesting at the relay node.
2) (1 ) s P ρ − is used for the information transmission from the S to R. Therefore, the harvested energy at R can be given by the following equation:
where 0 1 s η < < is energy conversion efficiency at the source node. Then the average transmits power at the relay is:
Combine (6) with (4) we have (7):
From (1) we have the signal to noise ratio (SNR) at the relay as the below equation:
Substitution (4), (7) into (8) we can obtain (9): At the high SNR, it is mean 0 γ → ∞ . Equation (8) can be rewritten as:
From(2) the signal to noise ratio at the destination can be expressed as: 
Utilizing the result in [15] , the CDF of X can be shown as the below equation: 
The outage probability:
The Outage Probability (OP) of the proposed system can be calculated by (18) and (19): 
From (15) P1 can be obtained as:
Similarly, we have: 
Average Throughput: 
Optimal Power Splitting Factor:
The optimal value Here, we can use Golden section search algorithm to find the optimal factor * ρ . This algorithm has been used in many global optimization problems in communications, for example, in [16] . The detailed algorithm, as well as the related theory, is described in [17] .
IV. NUMERICAL RESULTS AND DISCUSSION
In this section, some simulation results are presented to investigate the system performances of the full-duplex power beacon-assisted energy harvesting relay network with the power splitting protocol. Both in theoretical and Monte Carlo simulation results evaluate the system performance analysis. Also, the system performance is analyzed in connection with ρ, η, PB/N0 and R. Other simulation parameters are listed in Table  1 . Figs. 2 and 3 present the outage probability and system throughput versus ρ. In Fig. 2 and 3 , we set PB/N0 at 5, and 15 dB, respectively and ρ varies from 0 to 1. The research results show that the outage probability has an increase when ρ increase from 0 to 1 (Fig. 2) . Moreover, Fig. 4 shows that the throughput falls ρ increases from 0 to 1. In both Fig. 2 and 3 , the analytical and simulation results agree very well with each other. Furthermore, Fig. 4 and 5 show the effect of η on the outage probability and system throughput with ρ=0.3; 0.7, and PB/N0 at 10. The outage probability decreases while η increases from 0 to 1 as shown in Fig. 4 . In another way, the system throughput has a considerable improvement when η increases from 0 to 1 as shown in Fig. 5 . For both cases, the analytical analysis and the Monte Carlo simulation results are the same for all η values.
Moreover, the outage probability and system throughput versus R is shown in Fig. 6 and 7 , respectively. Similarity, we set PB/N0 at 5; 15 dB and ρ at 0.5. From Fig. 6 we see that the outage probability increases. In contrast, the system throughput decreases (Fig. 7) . Then the Figs. 8 and 9 present the effect of the ratio PB/N0 to the outage probability and system throughput. In addition, Fig. 10 shows the optimal power splitting factor of the proposed system at R=0.5 and 2 bps. In all figs, the simulation and analytical results totally agree with each other. 
V. CONCLUSIONS
In this paper, we propose and investigate the full-duplex power beacon-assisted energy harvesting relay network with the power splitting protocol. For the system performance analysis, the closed-form expressions of the outage probability and system throughput are proposed and derived. Moreover, the analytical analysis is convinced entirely by the Monter Carlo simulation in connection with all system parameters. Furthermore, the optimal power splitting factor is presented and investigated. The research results show that the full-duplex power beacon-assisted energy harvesting relay network is the innovative relaying system for the communication relay network.
